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) ZBuhngw,Pqint is located-about 250 air miles north of San Francisco, on
the east shore of Humboldt Bay, Humboldt County,-California.- A natural
sand spit was located on the western face of the point, but the area lies
directly in 1line with wind and waves entering Humboldt Bay from the
Pacific Ocean. Reports of erosion there have been recorded since the
mid-19th century. By the late 1970s, erosion had become so severe that
the beach had disappeared, and the shoreline had eroded back to the
roadway, threatening the road and underground water, gas and sanitary
sewer lines. Storm waves 10' in height are common, and were sending rock
flying across the road and against adjacent homes of the community of
King Salmon.

In 1982, Congress included the area in an authorization to the
Federal Highway Administration to undertake a demonstration project to
apply “"state-of-the-art methods for repairing damage to highways and
preventing damage to highways resulting from shoreline erosion.”" A
four-year, four-phase program was implemented, and is described in this
final report.

The First Phase consisted of designing and constructing a 1,250’
timber groin and a 200' long rubble-mound head to prevent sand from being
transported south, downcoast.

Phase II consisted of placing 600,000 yds3 of fine-to-medium grain
sand to reform the almost-24-acre beach.

In Phase III, a 1,050' shore-connected, rubble-mound breakwater was
constructed on the northerly face of the beach. The Phase I timber groin
and breakwater was given an additional 425' arched extension.

Phase IV consisted of vegetating the sandfill with native plants.
The vegetation program included experimental collecting and growing of 20
different native and naturalized species for a two-year period, and then
extensive plantings and monitoring.
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BUHNE POINT BEACH RESTORATION DEMONSTRATION PROJECT
ROAD PORTION

Upon notification from the FHWA that Congress had appropriated $9 million
for this project, coordination meetings were commenced with the following
representatives:

Humboldt Bay Harbor & Recreation Commission
Federal Highway Administration

U.S. Army Corps of Engineers

Caltrans

California Department of Boating & Waterways
Humboldt County Department of Public Works
Pacific Gas and Electric

Residents of King Salmon

ONANANEWRN —
et Nt N Nt et et N et

At the initial meetings the division of labor for the project was set
up. The initial work, to be accomplished with a $495,000 grant from
CalBoating, was to construct a 1200 foot groin on the south end of the
project. The next phase, to be accompiished by the Corps of Engineers,
was the dredging and stockpiling of sand. The third phase, also by the
Corps, was to construct the rock groins to contain the sand. The fourth
phase was the reconstruction of the road which is the subject of this
report.

As the road was one aof the later items to be constructed, only a minima)l
amount of design was initially done in order to tell the Corps what

space should be left for the road in their plans. In addition, a tentative
profile grade was established to help determine the final contours of

their dredged material in the vicinity of the road.

The County already owned a 50 foot right-of-way at this location and

wanted to utilize it as much as possible. However, two items affected

our decision to move slightly to the west. The utilities (P.G.&E. and
Pacific Bell) requested that they be allowed to underground their overhead
utility lines. As it is the County's policy to do this at every opportunity,
an underground utility district was formed and the lines were authorized

to be undergrounded. Also, as our road would most likely be at a higher
elevation than the existing ground, some room to slope and transition

from the back of our sidewalk to the existing yards was needed.

It was decided that the utility undergrounding would take place in a

five foot wide corridor along the east edge of our Buhne Drive right-of-
way. This same five foot space would be utilized for the slope transition
needed to compensate for the difference in elevations. Therefore, our
50 foot wide roadway section, consisting of 2-12 foot lanes, 2-8 foot
parking shoulders, and 2-5 foot sidewalks was moved 1o the west onto
property owned by the Harbor District. The existing navigational beacon
maintained by the Coast Guard was an obstruction to the project, and with
early coordination efforts was relocated by the Coast Guard during the
early stages of construction.

-1-




Any potential problems with trying to coordinate with the Corps or their
contractor in determining the slope hinge point on the west side was
avoided by telling them to flatten the sand to the desired elevation and
we would construct our project based on whatever condition existed when
their project was completed.

The vertical alignment contemplated during design ranged from an eleva-
tion about five feet higher than the old road to a grade that matched
the old road. The higher elevation was considered because it would act
as a dike to protect homes to the east. However, as the Corps project
develo~ed, we began to realize that additional protection would not be
neede. TYhe residents along Buhne Drive also wanted a lower profile
gri.  to retain as much of their view to the west as possible so this
dec.sion was well received.

The next profile grade to be given serious consideration was a straight
grade from the Coast Guard beacon, the high point, to the south end of
Buhne Drive. This grade would have allowed any water falling on the
street to be transported to the south and discharged to the bay with no
affect on any of the side streets. Due to the small volumes of water
involved and the relatively flat grades involved, it was felt that
possibly blowing sands from the beach area would settle into the storm
drain and cause a continuous maintenance problem.

For this reason it was decided to keep the waters on the surface to the
maximum extent possible. This meant an undulating grade whereby water
could be discharged down side streets and then be transmitted to the
inlets in Fisherman's Channel via pipes controlled by flood gates. As
we were discharging minor additional waters into these pipes, they were
upgraded as part of the project.

With the preliminary design information in hand, a public meeting was

held on March 27, 1985, to discuss the project with the residents of the
area. Approximately 25 people attended and acceptance of all phases of

the project was expressed. A number of residents did request additional
width on King Salmon Drive for a walking, jogging and bicycle path. It

was explained that it was not assured that any work could be done on

King Salmon Avenue. In addition, if work was allowed involving widening

to accommodate additional uses, then wetlands would be covered on either
side of the road. This item was not covered in the environmental documents

and would take too long to get permitted.

The matter of an overlay to King Salmon Avenue was presented to the iFHWA
at an early date. The initial position was that only Buhne Drive was to
receive any work. However, as the Corps project progressed and King
Salmon Avenue deteriorated due to the heavy truck traffic, the FHWA
relented and also allowed on overlay on this section of the road. A
deflectometer study was utilized to indicate the amount of deterioration
of the subgrade and sufacing.

Another item of note that is not our standard design was the installa-
tion of a barrier wall on the west side of the west sidewalk. {his wall
was designed to fulfill two functions. It was to act as a barrier to
motorized vehicles and it was to act as a sand fence to keep drifting
sands from encroaching on our roadway. The design was approved by the

-2-




Harbor District as they will maintain the facility upon completion. The
design of this facility incorporated wheelchair ramps with new crosswalks
at each block and wall openings to the beach at these points.

Prior to advertising the project, we were notified by the Corps that

they had surplus sand and wondered if we needed material for our project.
We did and revised our plans to indicate the on-site source. We utilized
approximately 7000 cubic yards of the sand and the remaining 5,000¢

cubic yards was disposed of behind the rock groin on the north end of
the Corps project as approved by the Corps.

The project was advertised and the low bidder, Mercer-Fraser, was awarded
the contract. The low bid of $406,161.50 was 26% below the engineer's
estimate. There were no out of the ordinary problems during construction
worth discussing. Underlying native material throughout the project was
beach sand and was relatively easy to grade and compact. The road
portion of the project was accepted on October 2, 1985, 1985, but the
contract was kept open until November 22, 1985, as the contractor was
retained to do some additonal planting under extra work. This work was
delayed until the rainy season in order to reduce any watering needed on
the new growth. The complete project was accepted on November 22, 1985.
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INTRODUCTION

1. The Buhne Point Shoreline Erosion Demonstration Project is being conducted
for the Federal Highway Administration by Humboldt County, the State of
California, and the U.S, Army Corps of Engineers (San Francisco and Los
Angeles Districts). The project is located in Humboldt Bay, California,
approximately 225 nautical miles north of San Francisco. The three phase
project is designed to restore the badly eroded Buhne Spit to provide
protection from wave attack to Buhne Drive, the only public access road into
the adjacent community of King Salmon (see Fig. 1).

2. Phase I of the project was designed and constructed by the California
Department of Boating and Waterways and the County of Humboldt. It consists
of a timber baffle groin designed to stabilize the Phase II sandfill and to
prevent the material from being transported downcoast (south) into Fields
Landing Channel (Fig. 2). The groin is 1,250 feet long and roughly parallels
Fields Landing Channel for 1,000 feet, then curves for 250 feet northward at a
radius of 600 feet. The head of the groin is protected by a 200-foot long
rubble mound groin. Toe protection to prevent scouring is provided on the
downcoast (south) side of the groin and consists of quarry waste and one-ton
stone. A filter fabric on the upccast side is provided to prevent sand from
passing through the timber baffle groin.

3. Phase II of the project, designed and constructed by the Corps of
Engineers consists of restoring the sand spit at Buhne Point. The sandfill
material was excavated by hydraulic dredge from a 4,000 by 400-foot borrow
area located inside Humboldt Bay just north of the main entrance channel. Six
hundred thousand (600,000) cubic yards of material was placed upcoast (north)
of the timber groin and along Buhne Drive, forming a fill of approximately 23
acres. The crest elevation of the fill was initially placed at 16-17 feet
MLLW to reduce erosion losses between Phase II and Phase III construction.

The sandfill will be spread out during Phase III construction to plus 12 feet
MLLW.

4. Phase III of the project is designed to stabilize the sandfill on a
long-term basis. Phase III will consist of rock revetment placed along the
downcoast face of the Phase I timber groin, a 425-foot rubble mound extension
of the Phase I timber groin and a 1,050-foot rubble mound shore connected
breakwater located at the upcoast end of the Phase II sandfill (Fig. 2).

Phase III will also include stabilization measures to protect the sandfill

from wind erosion. These measures will include sand fence installation during
Phase III construction and revegetation of the sandfill subsequent to Phase III
construction.

MONITORING PROGRAM

5. The major objective of a monitoring program is to document the performance
of a project and its impact on the nearshore zone surrounding the project. In
addition, this particular program will give the Corps of Engineers an
opportunity to study a uniquely designed project from its completion through
the first two years of its effective project life.




6. The proposed 2-1/2 year monitoring program will consist of physical and
bioclogical monitoring beginning at the completion of the Phase II construction
(Fig. 7). Specifically, the program will consist of twice-yearly hydrographic,
topographic (aerial) surveys and twice-yearly soil samplings. These surveys
are outlined in the following paragraphs.

7. Hydrographic and Foreshore Surveys will be conducted together by the San
Francisco District, Corps of Engineers. The surveys are scheduled to be taken
once between Phase II and Phase III, twice yearly after the completion of
Phase III and once in the event of an extraordinary climatic event. This
gives a possible total of six surveys. The cost for one set of surveys is
$12,000 for a possible total cost of $72,000.

8. The hydrographic survey will include the entire nearshore area surrounding
the fill from Fisherman's Channel upcoast through Fields Landing Channel to
the revetment along the PG & E power plant (Fig. 3). The foreshore surveys
Wwill cover the area from the waterline to the top of the beach berm. The
analysis of these surveys will include the drafting of beach and foreshore
cross-sections and calculations of volume changes (erosion/accretion
quantities).

9. Aerial surveys will be conducted in conjunction with the hydrographic
surveys for a possible total of six surveys (Fig. 4). Analysis of stereo
aerial photographs will provide topographic and configural information on the
sandfill. This will enable the Corps of Engineers to monitor movement of the
sandfill. The cost for each aerial survey is $6,000 for a possible total of
$36,000. The aerial surveys will be conducted and analyzed by the Los Angeles
District Corps of Engineers.

10. The hydrographic and aerial surveys will be used to detect volume changes
and determine rates of sand movement on and around the sandfill area. In
addition, these surveys will aid in directing soils exploration to specific
areas of sand movement.

11. Sand Sampling and Analysis. Push-tube samples will be taken in and
offshore of the fill and on the downcoast side of the Phase I timber groin
(Fig. 5). The sampling period will be in conjunction with but taken after the
hydrographic surveys. This sampling scheme will direct exploration to key
locations where sand movement can be monitored. Analysis of the samples for
average grain size and grain size distribution will be used to determine
correlation between the borrow area material, and the material in and offshore
of the sandfill area. The cost for each sample collection and analysis will
be $6,000 for a total of $36,000. The sampling will be conducted by the San
Francisco District, and the grain size analysis will be conducted by the South
Pacific Division Soils Laboratory.

12. Biologiezal Monitoring. Biological monitoring is being addressed under
separate cover by the Vegetation Planting/Monitoring Report.




13. LEO Data Collection Program. The Littoral Environment Observation (LEO)
program will be used in monitoring littoral transport resulting from incident
wave action. The LEOQ program was developed by the US Coastal Engineering
Research Center (CERC) as a low-cost method to provide data on nearshore
waves, longshore and rip currents, wind conditions and beach conditions.

It is expected that two observers with two back-ups could easily
accomplish the data collection. The citizens of King Salmon have already
expressed an interest in participating in the LEO program, but no definite
committments have been obtained. Alternative arrangements to hire local
college students will be made in the event there are no volunteers.

Observers will obtain daily measurements of breaker height; wave period;
direction of wave approach, wind speed, wind direction, current velocity and
beach slope; and will record the presence of beach cusps and rip currents.
The observers will make visual estimates with the help of simple, inexpensive
equipment. A sample data sheet is provided in Figure 6. Twenty observations
will be made each month, with a maximum of two per day. The data will be sent
once a month to Coastal Engineering Research Center (CERC), who, in turn,
issues monthly and yearly statistical analysis of the observations. The data
acquisition, CERC analysis, and twice yearly progress reports will be
coordinated by the Los Angeles District Corps of Engineers. The cost of
running the LEO program is $3,000 per year, for a total of $6,000 for two
years.

14. Site Inspection Periodic site inspections will be made by the
San Francisco and Los Angeles Districts, Corps of Engineers. The
inspectors will take photos of the sandfill and report on the general
cornditions.

The inspections will be made monthly by the San Francisco District,
starting immediately after the completion of Phase III and ending two years
later. The cost for site visits is $5,000. Inspections will be made twice a
year by the Los Angeles District. The cost has been included in the
Los Angeles District Study Management cost.

DATA ANALYSIS
15. The analysis of data will consist of integrating the results of the
surveys to document and evaluate shoreline changes of the reconstructed Buhne
Spit over space and time and to relate these changes to climatic events. The
results of the analysis will be presented in the final report. Specific
objectives of the analysis are to:
a. Document changes in the bottom contours in the nearshore zone.

b. Document changes in topography on the reconstructed spit.

¢. Document changes in grain size distribution of sediments on the spit
and in the nearshore area.

d. Monitor the progress of revegetation measures.
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e. Monitor wind and wave climates associated with the aforementioned
objectives.

f. Document aeolian transport on the spit using wind and windfall data
compiled by the Pacific Gas and Electric Company and the U.S. Coast Guard in
Eureka, California.

This monitoring program, through the data analysis, will enable the Corps
of Engineers to develop a quantitative as well as qualitative account of the
performance of the project. This program will also provide the Corps with an
opportunity to verify the qualitative results of the model tests for sand
movement. Finally, the program will allow the Corps of Engineers to establish
an Operations and Maintenance Manual. This manual will serve as a guide for
the ownership responsibilities when the project ownership is transferred to
the Humboldt Bay Harbor Recreation, and Conservation District.

COST ESTIMATE
16. Figure 7 shows the monitoring schedule and costs; figure 8 shows spending

by fiscal year. The schedule is based on January 1985 completion of Phase III
construction. The costs include overhead.
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LEO SAMPLE DATA SHEET

—~
LITTORAL ENVIRONMENT OBSERVATIONS
RECORD ALL DATA CAREFULLY AND LEGIBLY ]
SITE NUMBERS YEAR MONTH DAY TIME
T ] ¢ 7 [ 10 11 Record time 12 13 14 18
| | | | | | l | | using the 24
hour system
WAVE PERIOD 6 17 _is BREAKER HEIGHT w20
Record the fime in seconds for D:D Record the best estimate of the D
eleven (11) wove grests 1o pass 0 overage wave height to the nearest .
stotionary potnt If colm record O tenth of a foot
WAVE ANGLE AT BREAKER 22 23 24 WAVE TYPE 28
Record to the neores! degree the I | | I C-Colm 3 - Surqing D
direction the woves are coming from t - Spiiling 4 - Spill / Plunqe
using the protroctor on the reverse side 01t colm 2 - Plunging
ection the wind
WIND SPEED 26 21 WIND DIRECTION-O7erion e vn? 2
Record wind speed o the neares! | | I I-N 3-f S-§ 7-w  O0-Caim
mph If colm record O 2-NE 4-SE 6-SW B-NW
—
FORESHORE SLOPE 29 30 WIDTH OF SURF ZONE 332 33 34
Record foreshore stope to the D] Estimate :n feet the distance from Dj:D
negres? Jegree shore to breakers, if colm record 0.
LONGSHORE CURRENT DYE 36 37 38
Estimate distonce in feet trom E]]]
shoretine to point of dye injection
CURRENT SPEED 43 a4 _ay CURRENT DIRECTION a5 a7
Measure in feef the distance the dye DE 0 Noiongshore movemen! ED
patch s observed to move during aone () + 1 Dye moves toword right
minyte pertod , It no longshore movement record O -1 Dye moves toward left
RiIP CURRENTS 49 30 8 32
It rip currents ore present, indicote spacing ( feet ) If spacing s irrequior
est:mate averoge spacing. 1f no rips record O
L
BEACH CUSPS 34 35 3¢
It cusps are present, indicate spocing (feet} If spocing sirregular
eshimate average spocing. If no cusps record O
PLEASE PRINT
SITE NAME OBSERVER
fleose Chech The Form For Compieten:ss
REMARKS . e e
cemc n3-r12 T
o Mor 72 Make any additionol remarks, computations or ske'ches on the reverse side of this form

- -
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BUHNE POINT MONITORING STUDY
SCHEDULE AND COSTS

1984 1985 1986
APRIL JULY OoCT JAN APRIL JULY OoCT JAN APRIL JULY OCT JAar
E I PHASE IIT
——— - -
le 1
I 50 1
| |on| ‘ |2.o' I |2.o| | leo‘ l ne.o:l
I 6.0 l l ao| | (5.0I I 90’I l 9.0'|
| 60l I6.0I lsoI 90" I 9,0:i
e —
6.0
> 4
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L
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J0INT _MONITORING STUDY
CHEDULE AND COSTS

1985 1986
APRIL JULY OoCT JAN APRIL JULY OoCT JAN TOTAL
1 5.0
5.0 o
: | | | < | . | 72.0
12.0 12.0 18.0 18.0
| i - | l | |' nl 36.0
60 6.0 9.0’ S.0"
| | I | . | —ed 36.0
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6.0
J 90.0
900 - Api‘iel%
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PURPOSE

This report documents the physical monitoring program data, analyses and
results for the Buhne Point Shoreline Erosion Demonstration Project. The
purpose of the monitoring program was to document the performance of the
project and its impact on the nearshore zone surrounding the project.

SCOPE

Data collected from aeria) topographic surveys, hydrographic surveys, littoral
environment observations, soil sampling and a site inspection are presented in
this report. Analyses were conducted to quantitatively investigate volume
changes and sediment transport paths on and offshore of the reconstructed
spit, and in Fields Landing Channel. A summary of the Littoral Environment
Observation (LEOQ) data and soils analyses are presented. A site inspection
was conducted to inspect the integrity of the project's structures. The
aforementioned investigations are evaluated by season and significant storm
events and compared with the qualitative results from the physical model
studies conducted by the Corps of Engineers.




PROJECT DESCRIPTION

Buhne Point is located in Humboldt Bay, Humboldt County, California directly
across from the entrance channel jetties. Buhne Spit, the project area, is
located just downcoast of Buhne Point. The Buhne Point area has had a long
history of almost continuous erosion. Waves, generated in deep water, enter
through the entrance jetties and impinge on Buhne Point. In the last decade,
the erosion of Buhne Spit accelerated to the point where Buhne Drive, the only
public access road into the adjacent community of King Salmon, was threatened.
The shoreline configuration of Buhne Spit prior to project implementation is
shown in Figure 1. Buhne Drive contains vital utility and sewage lines, and
when strong winds coincided with high tides, waves hroke onto the roadway
disrupting traffic and causing flooding in the homes of King Salmon.

The purpose of the project was to design and construct a state-of-the-art
shore protection project to protect Buhne Drive from further damage due to
winter storms. Specifically, the project entailed restoring the badly eroded
Buhne Spit to its historical 1955 shoreline configuration, and providing
structures to maintain the configuration. The project was comprised of four

phases and a monitoring program.

Phase 1 was designed by the County of Humboldt, the U.S. Army Corps of
Engineers, and the State Department of Boating and Waterways. Phase I
consisted of a 1,250-foot-lonqg timber groin and a 200-foot-long rubble-mound
head. The timber groin was designed to stabilize the Phase Il sandfill and to
prevent the material from being transported downcoast into Field's Landing
Channel. Phase I was completed in December, 1983.

Phase Il consisted of restoring the sand spit by hydraulic dredging. The
borrow areas were located inside Humboldt Bay just north of and adjacent to
the Middle Ground Channel. Approximately 600,000 cubic yards of material were
dredged forming a fill of almost 24 acres. The Phase II sandfill was designed
to provide the actual protection of Buhne Drive. Phase Il was completed May,

1984. .
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Phase IIl consisted of constructing a 1,050-foot shore-connected rubble-mound
breakwater, extending the rubble-mound head of the Phase I timber groin by 425
feet, and rock reveting the Phase 1 groin. Four model studies, two physical
and two numerical, were used to test the proposed design and develop the
alignments of the Phase III structures. The model studies were conducted at
the Waterways Experiment Station (MWES) in Vicksburg, Mississippi. The Phase
III structures were designed to shelter and stabilize the sandfill on a long
term basis. The selected Phase IIl pian was tested using a fixed bed physical
model using coal tracer to represent the replenished Phase II fill. The plan
was subjected to various wave conditions and tides. The tests indicated that:

p—

. Sediment in the lee of the breakwater remained stable,

2. Erosion occurred in the wider fill area exposed to waves,

3. Material moved easterly behind breakwater and westerly behind groin,

4, Material remained in fill, but finer coal material moved seaward.

Phase TII was completed in March 1985. Figure 2 shows the project plan as
constructed.
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PHYSICAL MONITORING PROGRAM

The physical monitoring program was initiated in September 1984 to document
the performance of the project through the first two years of its effective
life. The program was designed to consist of biannual hydrographic surveys of
the replenished spit offshore area and Fields Landing Channel, aerial
topographic surveys and soils samplings. In addition, littoral environment
observations (LED) were conducted to provide qualitative data on the nearshore
littoral processes at the project. This monitoring data augmented with data
collected during construction form the data base for the analyses in this
report.

A summary of the monitoring episodes and construction phases is shown in
Figure 3. The topographic surveys were compiled from stereo aerial
photographs. The photographs are shown in Appendix A. The survey coverage of
the beach face varied because the aerial surveys were flown at different tide
levels.

The hydrographic surveys were conducted offshore of the spit and in Fields
Landing Channel using a fathometer. The hydrographic survevs of the offshore
spit area extended from the shoreline (-3' MLLW to 0 MLLW depending on tide)
offshore approximately 1500 feet. The hydrographic surveys of Field's Landing
Channel covered the width of the channel and in some instances, extended
beyond the channel limits to the groin.

The hydrographic and topographic surveys for Fields Landing and the offshore
area were digitized and plotted for calculation of volume changes. The plots
of the profiles of the spit and offshore of the spit are shown in Appendix B.
The profiles are not continuous in the zone between approximately +4 to -2
feet MLLW because of the varying tide level and the methods used to obtain the
elevation data. Profiles were not conducted in the nearshore area between the
sandfill and the offshore area to tie in the topographic and hydrographic
surveys. The Fields Landing Channel profiles are shown in Appendix C.

One year of LEO data was col!lected using students from Humboldt State
University under contract with the San Francisco Disirict, Corps of Engineers.
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The data was analyzed by the Corps of Engineers Coastal Engineering Research
Center (CERC).

Shallow surface sand samples were collected from the sandfill, offshore of the
sandfill, the channel side of the groin and the seaward side of the
hreakwater. Sand samples were also obtained by rotary drill to determine the
pre-project foundation conditions and to locate a borrow source for the sand
fil11. Mechanical analyses were performed on all the samples by the Corps of
Engineers, South Pacific Division Lab. The sampling locations and mechanical
analyses results were summarized as a soils appendix by the Los Angeles
District. This report is in Appendix D.
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VOLUME CHANGES

Changes in sediment volumes were investigated in the area offshore and on the
replenished spit, and in Fields Landing Channel. A base line and stationing
system established by the Corps of Engineers was used for the analyses and is
shown in Figure 4.

Buhne Spit

Volume changes at the shoreline of the replenished spit were investigate to
document the response of the spit to wave processes. The topographic sur.=ys
were analyzed for changes in the foreshore zone within the rubble mound
structures and the spii baseline. The topographic surveys covered the spit
foreshore seaward to the +2-foot MLLW contour to +6-foot MLLW contour
depending on the tide at the time of the survey. Since no wading profiles
were conducted, the analyses of the foreshore area are restricted to the
topographic data.

Movement of the +2-, +6-, and +10-foot MLLW contours on the spit beach face
are shown in Figures 5, 6, and 7, respectively. The contours show a general
retreat landward in the exposed center of the beachfill and a general area of
accretion behind each of the structures. This is particularly evident in the
+2-foot and +6-foot MLLW contours. The +6-foot MLLW coniur (approximately
the mean high water level) has receded 40 feet at the cent.r of the beachfill
between April 1985 and November 1986. The +6-foot MLLW contour has accreted
70 feet and 100 feet behind the groin and breakwater respectively during the
same period.

volumetric analyses were conducted to estimate the gquantity of sediment
movement in the foreshore area of the spit. Of the five surveys taken after
the sandfill was graded, three surveys (April 1985, May 1986 and November
1986) provided coverage to the +2-foot MLLW contour and the remaining two
surveys (October 1985 and November 1985) provided covesage to the +6-foot MLLW
contour. Volume calculations indicate that between April 1985 and November
1986, the area between the baseline and the +2-foot MLLW contour has
experienced a net loss of 7,000 cubic yards. The net loss is comprised of a

loss of 13,000 cubic yards from the center of the spit (between stations 5+50
to 13+50) and a gain of 6,000 cubic yards behind the breakwater and groin. A

9
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summary of the volume calculatinns is shown in Table 1. The losses in the
center of the sandfill occurred as a general retreat of all the contours (+10-
foot to +2-foot MLLW). During this period, the center of the sandfill
retreated while maintaining a constant slope of approximately 10 Horizontal to
1 Vertical. The sandfill behind the structures has flattened to a slope of
approximately 50 Horizontal to 1 Vertical.

Table 1. Summary of Volume Changes-Buhne Spit Foreshore Area*
(cubic yards)

April 1985 May 1986
to to
May 1986 November 1986 NET

Behind Groin

STA 1450 to 5+50 +1,500 =500 +1,000
Middle Area

STA 5+50 to 13450 -6,000 -7,000 -13,000
Behind Breakwater

STA 13456 to 21450 +6,000 -1,000 +5,000
NET +1,500 -8,500 -7,000

*Area Covers Baseline To The +2' MLLW Contour.

Fields Landing Channel

An analysis of sediment volumes and shoaling rates in Fields Landina Channel
was conducted to evaluate the effects of the project on channel maintenance.
A control volume consisting nf the channel limits adjacent to the project was
used to calculate volume changes. The channel control volume was subdivided

into four volumes as shown in Figure 4.

The initial May 1981 hydrographic survey was chosen as a baseline. Subsequent
surveys were compared in chronological order with the reference May 1981
haseline survey. Erosior or accretion was quantified as a relative change in
channel bottom elevation. The relative depth change was then converted to an
“averaged" volume change by multiplying the depth change by the tributary grid
point area. The rate of volume change was quantified by the chanae 1n average
depth along a given range line per unit time.

Il
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Figure 8 shows the results of the Fields Landing Channel volume change
analysis. This figure shows the volume change in the channel relative to the
initial May 1981 hydrographic survey. Figure 9 shows the rate of volume
change, or rate of sedimentation, into and out of the channel.

Figure 8 illustrates a general reduction in sediment volumes in Fields Landing
Channel. The periods of highest reduction in volume occur simultanecusly with
dredging episodes for Fields Landing Channel.

A mild rate of accretion occurred from May to August 1981. The first dredging
episode occurred between August and October 1981. During the winter months of
October 1981 to March 1982, over 40,000 cubic yards of sediment accreted into
the channel. Wave data at the Coquille River Station indicates this was 2
period of relatively high wave activity. The following months showed general
but decreasing accretion until the completion of the Phase | timber groin
construction. Between November 1983 and June 1984 there was approximately
40,000 cubic yards of erosion in the channel control volume with no dredging

being performed during this period. The following months showed a stable
channel volume followed by a significant dredge volume in April-May 1985. Of

particular interest are two subsequent periods of accretion. These accretion
ﬂ volumes of approximately 30,000 cubic yards and 20,000 cubic yards occurred
during the periods of November 1985 to March 1986 and May 1986 to September
1986, respectively.

This plot indicates the significant reduction of the channel sediment volume
by the much larger area under the "erosion" part of the curve. One salient
feature previously described are the two periods of accretion from November
1985 to March 1986 and May 1986 to September 1986. The accretion rate of the
h first period described is almost identical to the accretion rate during
October 1981 to March 1982. In order to compare the relative distribution of
these accretion volumes, the results presented in Figures 8 and 9 are broken
down by the four control volumes are tabulated in Table 2. Investigation of
the accretion rate breakdown for the period October 1981 to March 1982 prior
to project construction shows most of the accretion occurred in Control Volume
4. This is consistent with the location of the spit prior to construction, as
shown in Figure 1 which represents the historical erosion of Buhne Spit from

* 1956 through 1980. The accretion during the period November 1985 to March
1986 was more evenly distributed over Control Volumes 2 through 4. Comparison

15
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of hydrographic survey data prior to and after this accretion period showed
the accretion to be somewhat evenly distributed, with a greater amount
accreting on the eastern side of the channel.

The other period of sediment accretion subsequent to the project construction
during the period May 1986 to September 1986 occurred primarily in Control
Volume 2. Investigation of the hydrographic survey data prior to and after
this period indicated most of the accretion occurred within 60 to 90 feet of
the eastern bank of the channel. Depth decreases of ten feet and greater were
not uncommon in this localized area.

The movement of the -25-foot and -30-foot MLLW contours between dredging
episodes was investigated to determine the effect of the project on shoaling
patterns in Fields Landing Channel. Figures 10 and 11 illustrate the movement
of the -25-foot and -30-foot MLLW contours between a dredging cycle between
October 1981 and April 1982, before project implementation. Figures 12 and 13
illustrate movement of the -25-foot and -30-foot MLLW contours between a
dredging cycle between July 1985 and April 1986, after completion of the
project.

Comparison of the shoaling patterns from the two dredging cycles indicate:

1. The general patterns of contour movement appear similar in location
between both episodes.

2. Movements of both the -25-foot and -30-foot MLLW contours are greater
in magnitude in the October 1981 to April 1982 episode than those for
the July 1985 to April 1986 episode.

3. Movement of the -30-foot MLLW contour is prevalent on the west edge
of the channel from Station 2+00N to 3+00S and Station 9+00N to
Station 11+400N. Movement on the east edge is prevalent from Station
0+00 to 14+00S. The movement of the -30-foot MLLW contour from the
west between Stations 2+00N and 3+00S is the most pronounced.

4. Movement of the -25-foot MLLW contour is prevalent along the east
edge from Station 2+400S to Station 14+00S.

19
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Offshore Area

Volume changes in the area offshore the sand fill were calculated between nine
hydrographic surveys taken between April 1983 and September 1986. Comparison
of profiles from survey dates yielded accretion and erosion areas. Two zones
were used for determination of volume changes offshore: one zone was bound by
offsets +450 feet and +1000 feet from the spit baseline; the second zone was
from offset +1000 feet to +1500 feet from the spit baseline.

Figure 14 shows volume changes for each time period based on the April 1983
survey. For the period between April 1983 and February 1984, net volume
change for both offshore areas was approximately 7000 cubic yards of erosion
combined. Between February 1984 and May 1984, net volume change for the

of fshore areas was approximately 78,000 cubic yards of erosion. For the
period between May 1984 and February 1985, net volume change for the areas was
55,000 cubic yards of accretion. For the period between February 1985 and
October 1985, net volume change for the areas was 40,000 cubic yards of
erosion,

Volume change for the pericd between October 1985 and November 1985 was 55,000
cubic yards of erosion. Review of recorded wave buoy data (see WAVE DATA
Section} and the recorded LEO data indicate that there was a period of high
wave activity during October 1985. Volume change for the period between
November 1985 to May 1986 was 10,000 cubic yards of deposition while the
period between April 1986 to August 1986 was 50,000 cubic yards of erosion.

Trend of the volume changes offshore appears to be erosional. Average
elevation change for the control area was -1.0 foot from April 1983 to
September 1986. This is considered minor considering the flat offshore area
and the survey methods involved. There was not a significant difference in
the behavior of the two offshore areas. Both areas experienced erosion and
deposition simultaneously. It appears that transport processes are similar in
both the offshore areas.

24
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WAVE DATA

The Coastal Data Information Program, sponsored by the Corps of Engineers and
The California Department of Boating and Waterways, operated a wave buoy
inside Humboldt Bay intermittently from March 1980 to September 1982. A
qualitative comparison of the wave data from Humboldt Bay and the nearest wave
buoy (160 miles) operating concurrently with the Humboldt Bay Buoy during the
monitoring period was made. The comparison indicated that large wave events
recorded at the Coquille River (Oregon) Outer Buoy were also recorded at the
inner Humboldt Bay Buoy. The buoy at Coquille River therefore gives a
qualitative indication of when storm events occur in the northern
California/Oregon area. This correlation was qualitative, no transference of
wave characteristics from the Coquille River Buoy to Humboldt was attempted.
A summary of the data from the Coquille River Buoy is shown in Figures 15, 16
and 17,

Additional wave observations at the project site were obtained from the
Littoral Environment Observation program.
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LITTORAL ENVIRONMENT OBSERVATIONS (LEO)

A LEO station was established in April 1985 to provide a low cost method for
obtaining data on coastal processes at Buhne Point. The station was located
on Buhne Spit at the approximate center of the shoreline of the beachfill.
The LEQ observations yield information for littoral sand transport evaluation
at Buhne Point where otherwise no data exist.

Observations were made by contract personnel who were instructed on
observation techniques by the Los Angeles District. Equipment for the
observations were provided by the Information and Analysis Center, Coastal
Engineering Research Center (CERC). Duration of the collection period was
twelve months, from 1 April 1985 to 31 March 1986. The twelve month
collection of LEQ data would be insufficient for application to quantitative
engineering studies of the coastal processes at Buhne Point. The data are,
however, considered adequate for qualitative evaluations of the project
performance. Observations in a continuous time series of more than one year
would tend to smooth out the random variations in the data, thus providing a
better description of the coastal processes at the site.

Daily observations of estimates of breaker height and period, direction and
type of breaking waves, local winds, littoral currents and foreshore siope are
recorded on forms designed for the program. In addition, the LEO observers
plotted the approximate shoreline configuration of the replenished spit during
each observation. At the conclusion of the twelve month period, CERC provided
a printout of the data to Los Angeles District. A summary of the analyses are
shown in Table 3.

Waves and Wave Periods

With the twelve month sample available, the average wave heights at the LEO
station ranged from 1.22 (March 1985) to .40 feet (August 1985). The highest
reported wave was 3.3 feet and occurred on June 20 1985. The average observed
wave period ranged from 2.8 (May 1985) to 6.0 seconds (September 1985). The
longest wave period observed was 11.7 seconds and was observed in September
1985. Wave heights from 1 to 3 feet occurred about 31 percent of the time
during the twelve month period. Wave heights exceeded 3.0 feet 1.2 percent of
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the time. Wave periods observed were between 2.0 and 5.9 seconds about 84
percent of the time.

Winds

The monthly average wind speed observed at the LEO station ranged from 3.6
{December 1985) to 8.6 (March 1986} miles per hour. The highest wind speed
observed was 17 miles per hour occurring on March 20, 1986. The dominant
directions for winds were from the north and northwest. The winds occurred
about 18 percent and 34 percent of the time from the north and northwest
airections, respectively.

Longshore Currents

As measured with the LEO protractor, wave directions less than 90 degrees
produce a positive current (to observer's right) and wave directions greater
than 90 degree produce a negative current (to observer's left). The highest
monthly average positive current was .24 feet per second and the highest
negative current was .29 feet per second. The compiled data indicated that
the average net current for the LEQ station was to the right {upcoast).

Sediment Transport Rates

Two applications of LEOQ data for predicting the sediment transport were used
for the study area. The first method for predicting the sediment transport
rate considers the wave breaking at an angle to the shoreline (Energy Flux
Method). The method was based on equations 4-38 and 4-50B from the Shore
Protection Manual (SPM). A longshore energy flux (equation 4-38) was first
calculated for only the days of the month where wave height and angle of
approach have been recorded. Then an average flux for each month was
calculated. The monthly flux was substituted into equation 4-50B and divided
by 12 to get the net monthly sediment transport volumes. The total sediment
transport volume was calculated by summning the monthly values.

The second method computes the sand transport based on longshore current
velocities. This method was based on equations 4-51, 4-52, and 4-508 from the
SPM, using the LEO data for wave height, width of surf zone, longshore
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current, distance to dye patch from shoreline.
recommended by CERC, was used in equation 4-52.
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SOILS SAMPLING

Analyses of the sand samples were conducted by the Corps of Engineers and are
included in Appendix D. The analyses indicate that the sandfill material
landward of the beach slope face has remained essentially the same. The sand
on the slope face is somewhat coarser than the original sandfill material.
Offshore, the gradations of material tend to show an increase in fine sands.
Areas showing the most significant increases in fine sand are located just
inside the breakwater and around the head of the groin.

These data indicate that the sand on the spit face is being sorted by wave
action. The easier to transport fine grain material is being transported
offshore and behind the rubble-mound structures where the material settles in
reduced wave action.
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l

AEOLIAN TRANSPORT

Topographic contouring, sand fencing and vegetation were used to stabilize the
sand spit from wind erosion. Discussions with Corps of Engineers Eureka
Resident Office personnel indicate that these measures, particularly
vegetation, have greatly reduced blowing sand at King Salmon. Modifications
to the spit through the road construction and grading make it difficult to
estimate the actual aeolian erosion rate for the project. However,
calculations of potential transport were conducted to obtain an idea of the
effectiveness of the stabilizing measures.

An analysis of potential transport was conducted using wind data from the
tureka/Arcata Airport. Wind data available from the Pacific Gas and Electric
power plant adjacent to Buhne Point was not summarized. Transferring this
data to a format usable for this study was beyond the scope of this study.
Potential transport for October 1985 was 57 cubic yards. Sand transport was
reported during October 1985 at the east end of the project. This area was
subsequently sand fenced and vegetated. Sand transport has been reduced from
the area.
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SITE INSPECTION

An informal inspection of the project was conducted on 9 and 10 June 1987.
Representatives of the Corps of Engineers Eureka Resident Office, California
Department of Boating and Waterways and Moffatt and Nichol, Engineers
attended.

Both days were overcast with winds from the northwest about 5 to 10 miles per
hour. The tide during the inspection on the 9th of June was approximately
+3.5 feet ebb and +4 feet flood on the 10th of June. Both days had local seas
of about 0.5 feet with swell entering from the Humholdt Bay entrance about 1.0
foot at a period of eight seconds.

Breakwater

The breakwater appears to be structurally sound. Corps of Engineers personnel
indicate that breakwater stones have not been displaced. Small stones, up to
approximately 75 pounds, have been displaced from the breakwater crest and are
laying on the breakwater backslope and the sand fill. This was prevalent
between Station 2450 to Station 5+00. This material is the remnant of the
access road on the crest used for construction of the breakwater and grout
diaphragm. Removal of small undersized material by wave action, especially
overtopping waves, is to be expected on coastal structures and should be
considered normal. The displacement of the construction access road has
exposed the top of the drilled grout holes, leaving a small piece of mushroom
shaped grout on the crest. The grout diaphragm, in general, appears to be
functioning well. The diaphragm was constructed by drilling and grouting the
breakwater at 2.5 foot centers along the crest. It was suggested by Corps of
Engineers personnel that the use of concrete sheets would have been a better
method of placing a concrete diaphragm. It was noted and documented by Corps
personnel that the diaphragm is not continuous, especially in the area from
Station 4400 to Station 5+50. Water permeates throygh the breakwater at high
tide levels. There was not, however, evidence of large amounts of sand being
removed through the breakwater.
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Groin

The groin also appears structurally sound. The stones are placed well,
especially along the timber wall, and show no signs of displacement. No signs
of significant sand movement through the groin were observed. The timber wall
and filter fabric seem to be performing as designed, although direct
inspection is not possible. Along the timber groin, from Station 2+00 to
Station 9+00, sma'1 sink holes have formed where sand is moving over the top
of the timber groin and down into the rock revetment. This will probably not
represent significant sand quantity losses.

Sandfill

The sandfill exhibited many interesting features. The upland area away from
the beachface was covered with small shell fragments. It is anticipated that
these shells may have some armoring effect on the fill, possibly reducing
aeolian transport of the sand. This is only speculation since the vegetation,
dunes and fencing are the major features in stabilizing the sand. It was also
noted that the concrete wall constructed along Buhne Drive is trapping sand as
well as providing a barrier for motor vehicles. The beach area was
characterized by a steeply sloped (approximately 8 to 1) face with flatter
slopped areas (approximately 30 to 1) sheltered behind the breakwater and
groin. The main beach area was composed of medium grain sands while the flat
sheltered areas were characterized by fine grain sands. Diffraction of the
waves was evident especially behind the breakwater. At the top of the beach
face, some deposits of cohesive fine grain material were observed.
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CONCLUSIONS

The project appears to be performing as designed. The structures have
been stable to date. The replenished spit has experienced minor erosion
similar to that shown in the physical model. The project should be
inspected biannually to check for major shoreline erosion, displaced
stones, sink holes or evidence of sand migration through the groin or
breakwater.

The spit shoreline appears to be approaching an equilibrium point during
low wave activity, with large wave events being the dominant shoreline
shaping feature.

There appears to have been little material leaving the spit (7,000 cubic
yards or 1 percent of the material placed) through wave action. This
material is probably transported during large wave events. It is not
clear where the material is deposited or if this material returns.

The spit material has been sorted by wave action. Large grain sand and
steeper slopes is evident on the beach face exposed directly to waves.
Fine grain sand and flat sliopes are evident behind the structures where
diffraction greatly reduces the wave energy.

The area offshore of the spit has experienced minor erosion since the
project was constructed.

Shoaling patterns in Fields Landing Channel have not been greatly
modified by the project.

The effects of the project on Fields Landing Channel dredging volumes are
masked by the uneven dredging cycles and quantities dredged. There was a
decrease in shoaling rates during the period that Phase I and Il were
constructed. This may suggest that the Phase I groin was trapping
material moving downcoast that normally would have been deposited in
Fields Landing Channel.

39




8. Efforts to stabilize the spit from wind erosion are functioning well.

Vegetation, dunes and sand fences are stabilizing the spit causing a
b reduction in blowing sand in the community at King Salmon.

o
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APPENDIX A
AERIAL PHOTOGRAPHS




Figure A-1. March 1984 Aerial.
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Figure A-2. August 1984 Aerial.




Figure A-3. April 1985 Aerial.”




Figure A-4. October 1985 Aeriall.
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Figure A-5., November 1985 Aerial.




Figure A-6. May 1986 Aerial.
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Figure A-7. November 1986 Aeriél.




APPENDIX B
SPIT HYDROGRAPHIC AND TOPOGRAPHIC PROFILES
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APPENDIX C
FIELDS LANDING HYDROGRAPHIC PROFILES
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SAND SAMPLING ANALYSIS
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SAND SAMPL ING ANALYSIS

I. INTRODUCTION

1.01 Purpose and Scope. The purpose of this soils appendix is
to compare soil sample gradations taken at periodic intervals
(from June 1983 to October 1986) as part of a monitoring program
at Buhne Point. The scope of this report includes a brief
description of the project history, a description of all
investigations conducted, including the most recent investigation
in Octocber 1986, an analysis of all soil sample gradation data,
and any conclusions that can be drawn from the available data.
The analysis is based on grain size comparisons only.

1.02 Project Location and History. The Buhne Point Shoreline
Erosion Demonstration project was conducted under the authority
of the Federal Highway Administration by the U.S. Army Corps of
Engineers. The pgroject is located in Humboldt Bay, California,
approximately 225 nautical miles north of San Francisco and was
constructed in three phases. The three phase project was
designed to restore the badly sroded Buhne Spit and to provide
protection from wave attack to Buhne Drive.

Phase ] consisted of construction of an 1250-foot long timber
groin with an 150-foot long stone groin at the head of the
structure. Phase 1] consisted of placing 600,000 cubic yards of
sand fill an the upcoast side of the timber groin and stone slope
protection on the channel side of the timber groin, Phase 111
consisted of the addition of a shore connected breakwater on the
upcoast side of the sand fill and an extension of the Phase I
groin. The final stage of this project consisted of monitoring
Buhne Point to determine if there has been movemant of material
onto or off of the sand fill or movement of materials through the
groin or breakwater.

1.03 Previous Reports. This soils appendix was preceded by a
soils report in November 1985 and an interim soils report in July
1986. The two previous reports served as updates for the
monitoring program being conducted at Bubne Point and made
preliminary conclusions whenever possible.
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I3. INVESTIGATIONS AND LAB TESTING

e.0) Fimid Investigations. Geotechnical investigations for
Prmse ! were conducted in 1983 by the Los Angeles District and
consisted of drilling holes with a barge mounted, 4-inch diameter
rotary drill rig in the fill area and the borrow area to

determine foundation conditions and to locate possible material

- for the Phase 11 sand fill. The gradations of these materials

are shown in tables ! and 2. As a part of a monitoring program
planned by the Coastal Resources Branch, shallow surface samples
were obtained in June 19684, June 1985, August 1985, Octiober 198S,
May 1986 and October 1986 by San Francisco District personne!.
These samples were cobtained from the sand fill, offshore of the
sand fill, the channel side of the groin and the channe! side of
the breskuater. See tables 3 through 8 for gradations and see
plate | for sample locations.

.02 Field Observations. Shoaling of materials was observed,
during a field inspaction in March 1985, on the channel side of
the stone groin constructed in the Phase | Project. A depression
in the sand fill where the sand meets the stone groin was also
observed during the same field inspectian, as mentianed in the
November 1985 soils report. The field inspection was conducted
during the Pase lIl graouting of the concrete diaphragms in the
groin and the breakuwater.

2.03 Lab Testing. Mechanical analyses were performed on all
samplies obtained during the monitoring program at Buhne Paint by
the Army Corps of Engineers, South Pacific Division Lab.
Mechanical analyses ware conducted in sccordsnce with Engineering
Manual!, E.M. 1110-2-1906, Sojils__Lab Testing.___Atterberg limits
were not determined on materials passing the number 200 sieve
and, therefore, could not be classified as silt or clay. For the
purpose of analysis, it s assumed that material passing the
number 200 sieve is a silt.
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ITI. ANALYSIS

3.0]1 General. Samples obtained in June 1984 were intended to be
used as base data. However, the samplies taken in June 1985 were
from different tocations than those taken in 1984 and cannot be
used for direct comparisons. Therefore, the Jure 1985 sample
data will be considered the base datas for samples taken during
August and October of 1985, and May and October of 1986 which
were acbtained from the same sample locations established during
the June 1985 investigation. A major portion of the data
analysis will be based on the aforementioned sampling periods.
The 1983 borrow investigation gradations are used as a
preliminary data set for comparison with the existing sand fill.
Comparisons between the 1984 gradations and all subsequent sample

gradations are made whenever possible. In some cases, mean
gradations are used to simplify comparisons with mean gradations
from similar sample Ilocations (i.e., sand fill, offshore of
breakuwater, etc.) but with different sampling periods. The

comparisons in this report are based only on gradations; the
comparisons do not consider the effects of wind, waves, tides, or
currents,

3.02 Sand Fill, Faor discussion purposes, the sand fill area
will be broken up into three separate regions: 1) the landward
side of the sand fil! crest, 2) the crest of the sand fill, and
3) the sand fill slope face.

3.02.1 Sand Fill Landward of Crest. The 18383 borrow material
mean Qradation was compared to the 1984 sand fill sample mean
gradation to determine if the material had remained the same
since placement of the fill. See table | for borrow material
gradations, table 3 for sand fill gradations, and table 8 for
comparison of borrow material to sand fill material. As stated
in the November 1985 soils report, both materiais have gradations
which are essentially the same. The sand fill and borrow
material gradations consist primarily of fine grained sand with a
smal ler percentage of medium grained sand.

3.02.2 Crest of Sand Fill, Samples were obtained at three
locations on the crest of the sand fill for five different
sampling periods (from June 1985 to October 1986) and their
gradations are shown in tablies 4 through B. Mean gradations for
the five sampling periods were used for comparison purposes and
are shown in table 10, The material on the crest of the sand
fill consists of predominantly fine to medium grainad sand. The
mean gradations show that there has been very littie change of
material gradstion at the sand fill crest, although samples taken
in the late spring (June 1985 and May 1986) appear to be slightly
finer grained sand.

3
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3.02.3 Sand Fill Slope Face. Samples were taken from three
locations oan the sand fill slope face for five sampling periods

~(from June 1985 to October 1986) and their gradations are shown

in tables 4 through 8. Mean gradations were used to compare the
different sampling periods and are shown in table 11. As stated
in paragraph 3.02.1, the sand fill material is predominantly a
fine grainad sand with a smaller percentage of medium grained
sand. The sampies taken in June 1385 on the slope face are
considerably coarser than the original sand fill borrow materia!
and classify as a medium grained sand. However, subsequent
investigations in the same Jlocation indicate that the material
has become finer, so that in October 1986 (the most recent
sampling date) the sand is a fine to medium grained sand.

3.03 Offshore of Sandfill. Three locations offshore of the sand
fitl have been sampled on a regular basis from August 1985 to
October 1986 and the material gradations are shown in table l2.
A mean gradation for samplies 12, 13, and 14 could nat be used for
comparison due to the significant difference in materiails at
these locations. Sample location number 12 (see plate ) is
located offshore of the sand fill and just inside of the groin
head. The first sample taken at this location in August 198S
classifies as either a silty-sand or a clayey-sand. However, in
the October 1986 sample there were very little fines and the
sample classifies as a fine to medium grained sand. Samples
taken at location number 13, halfway between the head of the
groin and the head of the breakwater, have essentially remained
the same throughout the entire sampling program. The material is
a silty, fine grained sand. At location mumber 14, just inside
the head of the breakwater, the samples obtained from August 19865
through May 1986 were gravelly sands with the sand fraction being
predominantly medium grained. However, the sample taken in
October 1986 differs considerably. This sample classifies as a
fine grained sand with no gravel.

Two additional locations offshore of the sand fill, were sampled
three times ®ach from October 18985 to October 1986. Sample
location number IS5 was just outside of the breakwater head and
location number 16 was just ocutside of the groin head (see plate
1. Gradations for these two locations are shoun in table 13,
The October 1985 sample gradation at sample location 1S
classifies as a gravelly, fine grained sand. The next sample was
abtained in May 1966 and classifies as a fine grained sand with
no gravel. Finally, the most recent sample taken in October 1986
has a gradation which is coarser and classifies as a fine to
sedium grained sand. The first sample taken from location number
16 (October 1985) has more than 50X by weight passing the number
200 sieve and is therefore either a sandy silt or a sandy clay.
The next sample taken in May 1986 had a significantly coarser
gradation and classifies as a silty, gravelly, fine to medium
grained sand. The final sample taken outside of the groin has a

4
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gradation which has become finer and classifies as a fine grained
sand/silty sand. Also included in table |3 are the gradations of
two samples taken in June 1984 at locations S and 6 offshore of
the sand fill (see plate 1). Sample number S is similar to the
October 1985 sample at location 16 (greater than S0X fines) which
may indicate that the material! in this area has not changed since
June 1984,

3.04 Channel Side of Groin. Only two locations were sampled on
a regular basis on the chamnel side of the groin. Sample
locations S and 6 were sampled in June 1985, August 1985, October

- 1885, May 1986 and October 1986 and their gradations are shown in

tables 4 through 8. Mesan gradations were used for comparison
purposes for sample locations S and & and are shown in table 14
for each sampling date. The June 1985 mean sample gradation
indicates that the material is a fine grained sand. Samples

taken during the next two investigations indicate that the sand
had become slightly coarser, however, the May 1986 mean sample
gradation is similar to the original June 1985 mean gradation.
The most recent investigation (October 1986) resulted in a mean
sampie gradation which had some gravel and slightly more silt
than previously sampled materials.

3.05 Offshore of Breakwater. Only one location was investigated
offshore of the breakwater. Sample gradations were determined
for June 1985, August 1985, October 1885, May 1986 and October
1986 (see table 1S). The first sample gradation was a fine sand.
The final four investigations resulted in samples with gradations
that essentially remained unchanged.
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IV. CONCLUSIONS AND RECOMMENOATIONS

1. The sand fill material tandward of the beach slope face has
remained essentially the same.

2. The sand on the slope face is somewhat coarser than the
original sand fill material. This is not unusual due to the fact
that waves, tides and currents generally tend to transport
materials with finer grain sizes seawrrd.

3. In general, the gradations of materials offshore of the sand
fill tend to show an increase in fine sands. This trend can be
partially attributed to the loss of fine sands on the sand fill
slope face. The areas showing the most significant increases in
fine sand are located just inside the breakwater and around the
head of the groin.

4. Considerations should be given to a general assessment of the
coastal process to determine the movement of sand which is beyond
the scope of this analysis.
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Buhne Point Shoreline Erosion
Demonstration Project:
Environmental Elements

Introduction

Buhne Point in South Humboldt Bay, California has experienced severe
erosion on it's bayward margin attributed to dredging and shore protection
activities at the bay entrance. Wave attack has damaged the only pubdblic
access road to the adjacent communitv of King Salmon. The Federal Highway
administration in cooperation with the US Army Corps of Engineers, the
Humboldt Bay Harbor District and the county of Humboldt has developed a plan
to restore and stabilize the sandy spit at Buhne Point. The restored spit
will provide protection to the Federal Highway, a public beach and restore
habitat for recreationally important fish, shellfish and migratory birds.

The project is being built in four phases. Phase I was designed and
constructed by the county of Humboldt. It consists of a timber groin designed
to stabilize the Phase I1I sandfill and to prevent the material from being
transported downcoast (south) into Fields Landing channel, The groin is 1,250
feet long and roughly parallels Fields Landing channel for 1,000 feet then
curves for 250 feet northward at a radfus of 600 feet. The head of the groin
is protected by a 200 foot long rubble mound groin. Toe protection to prevent
scouring is provided on the downcoast (south) side of the groin in the form of
quarry waste and one ton stone., A filter fabric on the upcoast side is
provided to prevent sand from passing through the timber groin.

Phase IT of the project, designed and constructed by the Corps of %ngineers
consists of restoring the sand spit at Buhne Point. The sandfill material was
excavated by hydraulic dredging from a 4,000 by U400 foot borrow area located
along side the Humboldt Bay entrance channel. Six hundred thousand (00,000}
cubic yards of material were placed upcoast (north) of the timber groin and
along Buhne Drive, forming a fill of approximately 24 acres. The crest
elevation is plus 15 feet mean lower low water (MLLW) to reduce erosion losses
between Phase II and Phase IIT. The material will be spread out during
Phase III construction to plus 12 feet MLLW.

Phase III of the project ts designed to stabilize the sandfill on a
long-term basis. Phase ITI will conaist of rock revetment placed along the
downcoast face of the Phase T timber groin, a 425 foot rubble mound extension
of the Phase I timber groin and a 1,044 foot rubhle mound shore connected
breakwater located at the upcoast end of the Phase II sandfill (Fig. 1).

Phase TII will also include stabili{zation measures to protect the sandfill
from wind erosion. These measures will include sand fence {nstallation during
Phase III Construction.

Phase IV consists of a sand stabilization/revegetation and monitoring
program.

The monitoring program, designed to document the project's performance and
effect on the nearshore environment, has been incorporated into the project.
The monitoring program will include hydrographic foreshore survevs (conducted
three times each year), aerial surveys, sand sampling and analvsis, a Littoral
Environment Observation Program (LEO) and a Biological Monitoring Program.
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The remainder of this report consists of a discussion and refinements to
the Revegetation Concept Plan and the environmental monitoring elements.
These refinements were developed in response to comments arising during
steering committee meetings and consultation with staff and environmental
advisors to the county and Harbor District of Humboldt.

Sand Stabilization - Revegetation Program

The purpose of the Sand Stabilization - Revegetation Program {3 to prevent
large volumes of sand from being blown about by the wind and to provide an
attractive, low maintenance ground cover using native plant specles.

A roughly triangular area of sand approximately 1,200 by 1,700 by 1,800
feet has been produced by the Phase IT fill activities. This sand will be
contoured according to detailed Plans and Specifications which will be
developed later in the planning process, but which will generally result in a
series of low ridges approximately 3-4 feet in height and spaced 40-50 feet
apart, parallel to the shore. These ridges will have a maximum elevation of
+14 feet MLLW ; the swales will he at +11 feet MLLW (see Figure 2).

The f1{11 material consists of medium to fine grained sand and shell
fragments obtained from within the Corps maintained navigation channel along
the north spit of Humboldt Bay. Once dried out this fill is subject to wind
erosion, and unless some protection is provided the sand will blow over the
project and onto the adjacent road and into residences. When unconsolidated
sediments, in this case sand, are exposed to sufficient surface wind velocities
(approximately 15 mph) the sand will begin to move, first by surface rolling,
and then as surface wind velocities increase, by saltation (a bouncing hopping
motion where collision with the surface results in more particles being
moved). Where wind velocities are high and particle 3izes small, the
particles move in suspension for considerable distances., The first two
processes, surface rolling and saltation, result in most of the transport on
sand beaches. Because both of these types of movement occur in the firat
12-24 inches above the sediment, 1t is possible to cause the moving sediment
to settle out by causing a reduction in wind speed at or near the surface of
the sand. Reduction of wind velocity can be caused by increasing surface
roughness, and by putting up obstructions to the wind. 1In the case of this
project, sand fencing, vegetation, and topographic alteration will all be used
to reduce surface wind velocities., Wind breaks deflect and reduce wind
velocities over distances proportional to their height and densities:
effective wind velocity reductions occur over a distance approximately 4 to 10
times the height of the obstruction (for normal wind speeds 10-40 mph) behind
the wind break. The best sand trapping devices have been found to be fences,
bushes, and plantings with a ratio of open to closed space approximately Y40-50
percent.

Vegetation is the method of choice for stabilizing blowing sand, but
vegetation often requires several seasons to become estahlished and
functional. For this reason sand fencing will be installed after filling
operations to provide initia. sand trapping.
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The best alinement for rows of wind reducing devices like sand fencing,
brush rows and vegetation is perpendicular to the effective prevailing wind.
This optimum configuration is not necessary and need only be roughly
approximated. Effective prevailing wind is the resultant sum of all winds
with sufficient velocity to move sand. This wind may be approximated by
consulting wind reccrds (as summarized in the wind rose, figure 3) for the
area, or by observation of the dune topography. Both methods provide a NNW
direction for prevailing effective wind in the project area.

Wind protection for Phase II is provided by a 4 foot high single row of
sand fence (either the wire and slat type or the fabric tvpe) which is
parallel to the existing riprap seawall and will be set 100 feet from it to
allow excavation of the existing sea wall in Phase III. Phase iV construction
will require another 1300 feet of sand fence positioned as shown in Figures
4 &5, The proposed plan will revegetate approximately 20 acres of sand,
and install 2,800 feet of 3 strings of double stranded 12 gauge galvanized
wire supported at 6 foot intervals by 9.5 foot posts. The fence wire shall be
stretched and anchored at corners by 4 foot deep sand anchors. The areas
within the protective fence will be planted as shown in figure®6 .
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MONTHLY AVERAGE AND MAXIMUM WINDS

MONTH MEAN WIND SPEED PREVAILING MAXIMUM WIND SPEED

(MPH) DIRECTION (MPH) DIRECTION
JANUARY 6.9 SE 54 s
FEBRUARY 7.2 SE 48 sw
MARCH 75 N a8 SW
APRIL 8.0 N 49 N
MAY 7.9 N 40 NW
JUNE 74 N 39 NW
JuLy 6.8 N 35 N
AUGUST 5.8 NW 34 N
SEPTEMBER 55 N 44 N
OCTOBER 5.6 N 56 SW
NOVEMBER 6.0 SE 43 3
DECEMBER 6.4 SE 56 S
ANNUAL 6.8 N 56 sw
LENGTH OF
RECORD (YRS) 54 54 67 67

(FROM U S. DEPARTMENT OF COMMERCE 1977!

w 3
INCLUSIVE DATES MILES PER HOUR
July 1939-Dec 1942 —_——=
TOTAL OBSERVATIONS 1:3. 4-15, 16-31

9002

Hourly average surface winds (MPH), percentage
frequency of occurrence (after U.S. Army Corps of
Engineers, 1956).

FIGU?E 3
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Installation of Slat Fence

1 Year of Sand Accumulation

Figure 4. Typical Sand Fence
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Fence installation shall be accomplished by the Corps of Engineers, after
all grading and contour work (December-January FY B5), Maintenance of the
project during the two year monitoring period will be performed by the Corps,

Site Preparation

Prior to planting, final contouring will be accomplished by the Phase III
Contractor to specifications provided by the Corps of Engineers. The
following services will be provided by Humboldt Co. under services agreement
with the Corps of Engineers: Soil samples will be taken and analyzed for salt
content, sediment size distribution, nutrients, and field capacity. Areas to
receive treatment, (mulch, fertilizer, special seed mixes, texturing etc.)
will be staked and marked.

Seed and Plant Collection

One hundred pounds of pure live seed each collection period will be taken
from plants of the species listed on table 1. They will be collected by the
county under terms of a service agreement with the Corps of Engineers. The
county will supply labor, and a qualified botanist or revegetation expert to
supervise the collection and storage of plant materials and the sites for
collection. Seed will be harvested, cleaned, processed and stored in a manner
which will preserve seed viability, Records of each species collected will be
kept and will include collection location, date, method of collection, stage
of seed development. These records will be maintained by the designated
supervisor and a collection number assigned to each species at each collection
site, each bag of seeds will carrvy identifying labels. Seed will be collected
three times during the project (see table 2). Assignments of areas to be
planted will be determined after seed collection. Planting operations will be
conducted in late fall (October, November) or in early spring (March, April)
in Fiscal years 1985-1987 (see table 2).

Should the first planting attempt show adequate coverage after the first
season no further seeding will be attempted. Some maintenance work will be
required however. 1If, a second and possibly a third general seeding is
required to assure good coverage, specifications for replanting will be
provided by the Corps of Engineers which will reflect existing conditions.
Seed collection will proceed as shown on table 2 regardless of site
conditions. Seed not immediately required may be stored for up to one year.
Specifications for storage will be provided by the Corps of Engineers.

Substitution of species or changes in amounts of seed collected will be
allowed if prior approval is given by the Corps of Engineers Contracting
Officer.

Species to be collected as sprigs (table 1) will be collected and stored
in a cool dark room (56°F) or maintained in vermiculite beds or temporarily

transplanted to field nursery sites. Only healthy viabie sprigs will be
accepted by the Corps Contracting Officer prior to planting.
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and shall be harvested from local wild stock Just prior to installation.
Materials tentatively selected for planting include cuttings, sprigs and seeds
from the following list:

Genus Species

1.
2.
3.
5,
S.
6.

7.
8.

.
12.

13.

W,
15.
16.
17.
18.
19.

Ambrosia chamissonis

Artemisia pycnocephala
Baccharis pilularis

Erigeron glaucus
Tanacetum douglasii

Calystegia soldanella

Cakile maritima
Elymus mollis
Poa confinis

Poa douglassi

Lathyrus littoralis
lotus micranthus

Abronia latifolia

Camissionia cheiranthifolia
Fragaria chiloensi- pacifica

Eriogonum latifolium
Salix hookeriana
Salix piperi

Myrica californica

Lupinus chamisonis

SE = seed

PLANT SPECIES LIST

TABLE 1

Common Names

Beach Bur
Beach Sagewort
Coyote Brush
Seaside Daisy
Dune Tansy
Beach Morning
Glory
Sea Rocket
Beach Ryegrass
Blue Grass
Douglas Blue
Grass
Beach Pea
Smallflowered
Lotus
Yellow Sand
Verbena
Beach Primrose

Beach Strawberry

PROPAGULE

SE

SE
Sp

Seaside Buckwheat SE

Hookers Willow

Sandbar Willow

California Wax
Myrtle

Blue Bush Lupine

SP - sprig

SP
SP
G

SE

SP

Lb./Acre;

Ft. O.C.
A B
31b 31
31 11b
116 3 1b
11 11b
1.5 £t 1.5 ft
1/2 1b 1 1b
21l 31b
1.5 ft 1.5 ft
1 ft
1 fe
11 11b
316 31b
11 1 1b
21 21d
2ft 2 ft
51 5 1b
uft Ufe
L fe U fe
11 31b

G = Gallon containers

® 148,560 units of Poa confinis or P douglassi

11

Plant materials shall be selected from native and naturalized dune species

Total Units
c
3 1b
31
40,000
11db
4 1b
58,080
®48,560
]
2 1b
172 1b
172 1b
10,890
2,700
2,700
50




Sprigged areas will be planted to Corps specifications. Special treatment
areas will be hand seeded and raked in. General seeding will then be undertaken,
in conjunction with hydro-mulching or some other suitable surface control
method., Should seed availability limit the area of general seeding the areas
nearest the road will be planted first, successive seeding operations will
then progress seaward. Contoured ridges will have priority for sprigeging.
Planting plans will have to remain flexible until the results of seed
collection and seed purchase for each planting period are known.

Monitoring Program

The major objective of the monitoring program is to document the
performance of the project and its impact on the nearshore zone surrounding
the project. 1TIn addition, this particular program will give the Corps of
Engineers an opportunity to study a uniquely designed project from its
completion through the first two vears of its effective life.

Beach Vegetation Monitoring

The purpose of the beach vegetation monitoring element {s to assess the
efficiency of the vegetation in stabilizing blowing sand, and to provide
recommendations for repair and maintenance.

Twenty plots will be designated to study the efficiency of sprigged
vegetation in stabilizing sand at the beginmning of the study. These plots
will then be surveyed once every six months for two years to assess increases
in shoot numbers, root depth, area of coverage, sand accumulation, effect on
wind pattern and velocity, length and number of tillers. Hydro-seeded areas
will be surveyed to determine seed inoculation rates by placing survey plates
in each of three seed areas. Where areas are hand seeded, twenty, one-square
meter plots will be sampled, the seed separated from the sand, and enumerated
by species. Tests for viable seed will be conducted to determine actual
numbers of live seed planted. Seed germinations will be monitored at
designated plots every week during the first month then twice the following
month then once every other month for the rest of the monitoring program.
Plots in the seed areas will be surveyed for numbers of germinations,
coverage, sediment trapping, root depth, plant development for each of the
planted species. Climate and soil characteristics which affect plant growth
and development will also be monitored. These include rainfall, depth to
water table, soil nutrients, salt spray, wind speed and direction, and soil
temperature at the surface and at depth.

Insects will be collected and identified during each sampling period and
assoclated with microhabitat and niche requirements. TInsects pollinators of
the various plant species will be noted as will any significant plant pests.
Any evidence of mammal grazing on plants will be documented and live trapping
conducted to determine species involved. Removal and relocation of any
mammals significantly reducing growth of vegetation will be accomplished.

Replanting and restoration work will be undertaken; repair and maintenance
work will be accomplished on sand fences, during surveys. Problems with plant
growth or the functioning of sand fences will be noted and corrected.
Approximately 25 percent of the original installat{on costs should be budgeted
for repair and maintenance for the first 2 years.

12
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Benthic Monitoring

The best designed projects often cause unanticipated adverse impacts to
natural resources. The following monitoring program was developed to detect
any significant changes in benthic invertebrate animal populations early in
the project's life and to provide necessary information to alleviate any
significant deterioration of natural resources in Humboldt Bay.

The area surrounding Buhne Point has been identified in research literature
as important feeding areas for black bdrandt (Branta nigricans) (17), beds for
gaper clams and other prized bivalves (5), nursery grounds for dungeness crabs
and fish including herring (1), top smelt and various flat fish (3). All of
these natural rescurces depend upon shallow mud flats and eel grass beds (23),
These habitats are particularly sensitive to changes in wave climate and tidal
currents. The proposed project i3 designed to reduce wave energy impinging on
Buhne Point and to prevent transport of sand from along Buhne Point 1into
Fields Landing channel and onto the tidal flats south of Buhne Point.
Potential adverse changes which may reasonably be expected to occur include
scouring due to locally increased currents, erosion of benthos and
inhabitating organisms where the project reduces transport of sediment.
Fluctuating natural changes in the shallow benthic community occur
frequently. However, progressive undirectional changes may occur as a result
of this project. Changes, predicted in the project's environmental
assessment, are not considered significant, but actual project effects often
differ from predicted effects. Given the sensitivity and importance of the
local resources a monitoring program has been incorporated into the project to
determine early directions, extents and consequences of project induced
changes on the local benthic habitats.

The area anticipated to be affected by the project will be sampled at 26
stations whose locations are schematically shown on figure 1. Samples of
nearshore benthic fauna will be taken by divers from stations 1, 2, 3, &4, S,
7, 10, 11, 12, 13, 14, 15, 16, 17, 20, 21, 23, and 25. Each station will
require at least 5 replicates each sampling period (2 each year). Each
replicate will consist of a one liter benthic push core. Macroinvertebrates
will be sampled by diver operated pneumatic dredges. Each replicate sample
will be analyzed to determine numbers of each apecies present of the 10 most
abundaut species and note the occurrence of less abundant species. Stations,
6, 8, 9, 18, 19, 22, 24, 26 which are located at various points on the
breakwater will be sampled by seqentually removing one to several settlement
plates for species enumeration. In addition photographic records will be
taken at designated sites to document species settlement and change through
time.

Stations 1-6 will be used as controls and shall be located at a location
with a similar bottom and exposure to the project site. Changes in species
composition and numbers at control sites will be used to gauge changes in
species mumbers and composition at the project sites.

All replicate samples will be seived then fixed in the field with buffered
formalin. All replicates will be uniquely labled with replica’e number,
station time and date. Processed specimens will be analyzed by a qualified
local marine benthic taxonomist. Data will be accumulated, reduced and
analyzed by Corps of Engineers biologists.

13




Location and extent of clam beds and eel grass near the project will be
mapped and monitored, sediment samples will be taken and analyzed to detect
changes in sediment, size distribution. Sediment accumulation or erosion
within important habitat types will be measured and documented.

A report of the results of the monitoring program will be produced in FY
87 and will include discussions on the following: (1) effectiveness of the
sand stabilization methods; (2) relative effectiveness of various species in
stabilization; (3) performance of the project in reducing wind blown sand:
(4) species germination growth and development rates; (S) recommendations for
the protection of significant benthic habitat near the project area from any
unanticipated project effects; (6) quantitative data on benthic invertebrate
populations; (7) quantitative and photographic records of plant and animal
growth on breakwaters; and (8) documentation of project effect on the benthic
fauna near the project area.

14
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PREFACE

This report was prepared for the Construction-Operations Division
of the San Francisco District, US Army Corps of Engineers by the
Environmental Section, Los Angeles District, US Army Corps of
Engineers. It provides a summary of findings based on reports
provided by the Los Angeles District's contractor, Humboldt
County and its subcontractors. The information contained herein
is derived solely from those reports which are summarized in the
annotated bibliography found in Ap<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>